Background Research on the impact of psychosocial stressors on child and adolescent lung function is uncommon, and has primarily relied either on parents' own stress measures or parent-reported stressors the child experienced, which may be a poor proxy for perceived stress in older children and adolescents.
Introduction
Psychosocial stressors have been associated with both the incidence and morbidity of asthma and wheeze in youth. 1 -6 However, studies suggesting an association with decreases in lung function are rare. 7 -9 Lung function, measured with spirometry, steadily increases throughout childhood and adolescence, plateauing in puberty/young adulthood. Decrements in the development of lung function in childhood and adolescence result in lower lung function by early adulthood, which is related to an increased risk of both all-cause mortality and ischemic heart disease mortality independent of smoking status. 10 Factors associated with inflammation, including asthma, smoking, respiratory infections and air pollution increase risk for impaired lung function. 7 A less investigated risk factor that is also hypothesized to operate through inflammatory mechanisms is stress. Perceived chronic stress may alter an individual's stress response through the differential expression of genes involved in the hypothalamus-pituitary-adrenal axis, 11, 12 modulating immune function. 11 and heightening inflammatory activity. 13 Excessive pro-inflammatory responses that result in damage to the airway may result in lung structure and functional changes throughout development. inconsistent. Of three previous studies, one conducted in East Boston did not account for air pollution but found that the child's exposure to violence as measured by verbal aggression during interparental conflict was associated with a 5.5% decrease in percent predicted forced expiratory volume after 1 s (FEV 1 ), in 6-to 7-year-old girls only, while the child's exposure to community violence (as reported by the parent) was associated with a 3.4% lower FEV 1 in boys only. 7 A study of youth ages 11 -13 years in the UK found no associations with either self-reported racism, particulate matter (PM) PM 2.5 or PM 10 air pollution for predicted lung function. 9 The third study in Southern California reported that maternal psychosocial stress did not independently predict lung function, but maternal psychosocial stress modified the impact of air pollution on lung function impairment in 11-year-old children. This last study relied solely on maternal stress assessed with a 4-question Perceived Stress Scale. 8 Measures of parental stressors or child stressors reported by the parents may not reflect the psychosocial stress that older children or adolescents perceive. 17 Healthy growth and development of pulmonary function in childhood and adolescence is instrumental for respiratory health in adulthood. Investigating risk factors that may be modifiable in early life are critical in efforts to mitigate adult pulmonary diseases. To continue the early investigation into this hypothesized risk factor, we used cross-sectional data from the Los Angeles Family and Neighborhood Survey 2 (L.A.FANS-2) to explore whether 10-to 17-year-old adolescent's self-reported psychosocial stressors (family conflict, unsafe neighborhood or school) or the absence of a father in the home influenced lung function while adjusting for PM 2.5 air pollution exposure and potential confounders.
Methods

Sample and data source
Los Angeles Family and Neighborhood Survey 2 We used data from the L.A.FANS Wave 2 described previously. 18 25 -75 ). Evaluation and acceptance criteria for spirometry curves have been previously detailed. 21 Briefly, an expert with specific experience evaluating spirometry data from children as part of the UC Berkeley Fresno Asthmatic Children's Environment Study reviewed all curves. To determine acceptability, all grading of spirometry curves was done based on the following criteria (some of which overlap with the 1994 ATS criteria 22 ): (i) the back extrapolated volume must be 5% or 150 ml, whichever is greater; (ii) time to peak flow must be 120 ms; (iii) no abrupt end to test; (iv) FET must be 2 s; (v) time/volume curve must begin at origin (to ensure proper start of test); (vi) curve must show that subject exhaled using only one continuous blast of air and (vii) curve must show no leaks or negative flow throughout test (i.e. no inhalation). Only curves judged acceptable by the reviewer were included; curves judged acceptable by the EasyOne TM portable spirometer without reviewer approval were not included in analyses.
Of the 775 children with at least one acceptable curve for analysis, 584 children were between 10 and 17 years of age.
Psychosocial stressors Adolescent-reported. Adolescents self-reported whether 'people in my family fight a lot' (true versus sometimes true or not true), whether they 'feel safe in this neighborhood' (yes versus sometimes or no) and whether they 'feel safe at this school' (yes versus sometimes or no). Caregiver/family. The individual who identified as head of household reported whether the father of each child lived in the house (yes/no).
Air pollution estimates
Our air pollution estimates have been described previously in detail. 21 For this analysis, we adjusted models according to inter-quartile range units of PM 2.5 , based upon its negative association with spirometry measures in the sample (FEV 1 males: 247.9 ml, 95% CI 292.3, 23.6; FEV 1 females: 256.9 ml, 95% CI 2103.2, 210.6). PM 2.5 estimates were generated by Kriging available government monitoring data for the years 2002 and 2000, respectively. We used annual average measures of PM 2.5 at both residences and schools weighted for time spent in each location in the past 12 months.
Child/household socio-demographic covariates
The following covariates were assessed in the survey and explored as covariates: the head of the household reported the adolescent's gender, age, race/ethnicity and nativity (US born versus non-US born), as well as household income used to calculate the household federal poverty level (FPL). Trained interviewers measured the adolescent's height and weight. Adolescents' were asked about their own smoking behavior, and whether they like to read, walk to activities or engage in sports. Finally, the mother/primary caregiver reported maternal/primary caregiver education, any smoking in the house and the adolescent's life time asthma history and wheeze within the past 12 months.
Statistical analyses
FVC, FEV 1 and FEF 25 -75 were stratified by gender and confirmed to have normal distributions. Multiple linear regression was performed, separately for each stressor (family conflict, unsafe neighborhood, unsafe school and the absence of father in the house) and each lung function measure (FVC, FEV 1 , FEF 25 -75 ), unadjusted and adjusted for potential confounders, including PM 2.5 , child's age, FPL, the presence of smokers in the household, child's race/ethnicity, maternal education, height, height-square, weight, weight-square, and in models that included both genders, gender and gender*age. Covariates were retained in models based upon previous literature or a change in estimate of the association of interest by .10%. Few adolescents (n ¼ 10) reported smoking, and inclusion in the models did not change effect estimates; we thus did not include it in the final models. However, the presence of smokers in the house was retained. Neither nativity of the child nor level of sports engagement changed estimates and were also not included in the final adjusted models. Robust standard errors were included to adjust for nonindependence of sibling data (112 sibling sets) and neighborhood factors. Models were stratified by age group (10 -14 and 15 -17 years) and by gender to examine potential effect measure modification. Finally, models were created with a stressor*gender term to assess statistical interaction.
Given the previous literature linking both air pollution and psychosocial stressors to childhood asthma, 2, 3, 23, 24 reduced lung function may be on the causal path to asthma, and thus we did not include previous asthma in the models. In sensitivity analyses, we excluded those who had a doctor's diagnosis of asthma with wheeze in the past 12 months (n ¼ 42). Information regarding timing of last use of asthma medications (if any) prior to spirometry was not collected.
Results
The mean ambient PM 2.5 concentration was 8.5 mm/m The majority of adolescents sampled were US-born Hispanic, with over 50% living at or below 200% of the FPL. While only 10 children reported smoking, 22.3% lived in a household with a smoker. There was little difference by gender for perceived school safety, family conflict or the absence of a father in the household. Boys were more likely to feel that their neighborhood was safe (Table 1) .
When stratified by gender (Table 2) , a negative association was suggested between adjusted estimates for family conflict and both FVC and FEV 1 in males, but confidence intervals included the null value. Similarly, FEV 1 and FEF 25 -75 were lower in males when a father was absent, while FEF 25 -75 values were higher in females for this stressor. There were no other associations between selected psychosocial stressors and lung function observed in females or males.
When gender*stressor interaction terms were included into adjusted models, interactions terms were statistically significant for gender and the absence of the father (P ¼ 0.009), and very close to statistically significant for gender and family conflict (0.060). No other stressors had statistically significant gender*stressor interaction terms. When stratified by gender and age (Fig. 1) , both of these psychosocial stressors had the largest coefficients for reduction of FEV 1 in males 15 -17 years of age.
Finally, when asthmatics with current wheeze were excluded, point estimates for the stressors remained within 10% of the original models' estimates; i.e. the results generally did not change when excluding asthmatics (data not shown).
Discussion Main findings of this study
Exploring a range of self-reported psychosocial stressors in adolescents' ages 10 -17 years in Los Angeles, we found that the absence of a father or family conflict was associated with reduced lung function in males, particularly older males. We did not find any evidence of an association between psychosocial stressors and reduced lung function in females.
In the absence of validated measures of perceived stress, our aim was to examine the association between lung function and stress by examining a range of potential psychosocial stressors pertaining to place and family that may better characterize an adolescent's stress than the parental measures previously examined. Previous research has relied primarily upon parental reports of their own stress 8 or their perception of the stress in the offspring, 7 both of which may misclassify the stress that a child is internalizing and attenuate results. Particularly as a child ages, it becomes more and more important and possible to capture their own perception, as peer networks may alter perceived stress and social positions, and their family roles might change considerably.
What is already know on this topic
According to stress theory, 25 external challenging circumstances are stressors, while stress is a biological response resulting from to the inability of the individual to achieve a homeostasis when facing stressors. The progression from stressor to an internal stress response varies by individual and their resources and coping skills. 25 Here, in the absence of validated stress measures, we chose psychosocial stressors that pertain to the adolescent's physical surroundings or family functioning that have either previously been associated with a stress response or with reduced lung function. 26 -31 We examined school and neighborhood safety based on both their face validity (e.g. do you feel safe in your school/ neighborhood: yes, no, sometimes) as well as based on previous studies that found that a child's perceived neighborhood safety 26 and school safety 27 are associated with psychological distress and psychological trauma symptoms. However, since few participants reported not feeling safe at all in their school or neighborhood, we combined the categories 'not at all' and 'sometimes' not feeling safe (reference: always feeling safe), which may have resulted in a measures of lower stress than previously assessed.
We selected self-reported 'family conflict' based upon findings associating interparental conflict with increased cortisol levels in children, 28, 29 as well as findings that 6-to 7-year-old girls had reduced FEV 1 and FVC when mothers reported high levels of interparental conflict. 7 There was a weak negative association between FVC and FEV 1 and family conflict among males, but confidence intervals were wide. Previous research on interparental conflict found that the child's involvement in the family conflict (e.g. comforting the parent) as well as externalizing behaviors mediated cortisol response, which we were unable to assess. Additionally, in previous research the children were much younger (ages 5 -7), 28, 29 limiting the relevance of these findings for our adolescent sample.
A large body of evidence suggests that paternal absence has many negative consequences for children, including behavioral problems and psychological distress (review paper 30 ). We found a negative association between FEV 1 and FEF 25 -75 and paternal absence in males, and the association was stronger in older males 15-17, where a reduction of 269.2 ml in FEV 1 represents a 7% decrease from their mean FEV 1 (3767 ml). We are not able to explain the finding that older females with an absent father had increased FEF 25 -75 , but feel it might be driven by the large variability in the FEF 25 -75 measure. A previous study found father-absent male adolescents had higher cortisol levels compared with father-present adolescents, but there was no difference in cortisol levels between fatherpresent/absent adolescent females. 31 In LAFANS, we were not able to assess if a father-surrogate (stepfather, grandfather) was present in the house, which would be important in future Although the authors were agnostic to the pathways involved, they noted that low quality neighborhoods and schools were particularly detrimental to boys. As our study oversampled low-income families, our findings that the physiological effects of psychosocial stressors, as measured by lung function, may be greater among male adolescents offers modest evidence in support of this report.
Limitations of this study
Limitations include the cross-sectional report of stressors and spirometry assessments, making it more difficult to discern temporality as well as the impact of duration for which the psychosocial stressor was experienced. Additionally, while we chose psychosocial stressors based upon empirical evidence of cortisol activity in other research, without such biomarkers, we do not know whether reported psychosocial stressors caused a stress response in the adolescent. The range of chosen stressors also necessitates multiple comparisons, lending to the possibility that some of our observed associations may have been due to chance. Future work should employ validated stress scales aimed at capturing adolescent perceived stress. Also, our sample overrepresented low-income adolescents, who may be at higher risk for adverse respiratory outcomes given their disproportionate exposure to other environmental hazards. It should therefore be recognized that our findings may have limited generalizability to different, less disadvantaged populations. Finally, the limited sample size of children ages 10-17 years with a reproducible spirometry curve for analysis did not permit explorations by race/ethnicity or nativity in our majority Hispanic sample. Non-analyzable curves were interviewer dependent and more often seen in younger children whom we did not included in the analysis. While the exclusion of unreliable measures further limited our statistical power, we expect the resulting bias to be non-differential in their impact on the reported estimate. This project also has a number of strengths. Lung function estimates for adolescents in our sample were sensitive to air pollutants [PM 2.5 , NO 2 (data not shown)] as observed in many other studies, 33, 34 giving us confidence that the spirometry estimates were robust and appropriate also for examination with psychosocial stressors. Additionally, our mean FEV 1 values by age and gender were similar to a large six-city cohort study conducted in the 1970-80s 35 which measured lung function growth in over 11 000 children and adolescents (data not shown).
By studying self-reported potential psychosocial stressors in a sample over-representing poor families, we attempted to elucidate the complex relationship of psychosocial stressors and respiratory health in adolescents. Our results vary by gender and age, and suggest that the lung function in older adolescent males may be negatively affected by the absence of a father or familial conflict, warranting further investigation into interactions with gender when assessing the influence on lung function in adolescents. Should these findings be replicated, they suggest that we may consider targeting public health resources towards underprivileged adolescent males when seeking to mitigate the physiological impacts of stress among adolescents.
